Importance of magnesium ions in the mechanism of catalysis by a hammerhead ribozyme: strictly linear relationship between the ribozyme activity and the concentration of magnesium ions.
Analysis, based on kinetic solvent isotope effects, demonstrated that no proton transfer occurs in reactions catalyzed by a 32-mer hammerhead ribozyme (R32) in the presence of magnesium ions, whereas proton transfer occurs in reactions catalyzed by R32 in the presence of high concentrations of monovalent NH4+ ions without metal ions, demonstrating that the detailed mechanism of action of the hammerhead ribozyme might change depending on the environment. Importantly, when the concentration of magnesium ions was gradually increased from 1 mM to up to 800 mM, the R32 ribozyme activity increased linearly without reaching a plateau value. This phenomenon can be explained by a model in which a catalytic magnesium ion with a very low affinity (dissociation constant, Kd > 800 mM) exists and/or the predominant inactive complex converts to a minor active complex before the cleavage reaction.